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Abstract: A prepared Aluminum Oxide AL2O3 

nanoparticle loaded on Aloe vera Barbadensis 

Gum Activated Carbon (ABGAC) using the sol-

gel method to increase the surface area is 

employed for phosphate removal from 

synthetic aqueous solutions. The operating 

parameters in this study are pH 3-9, adsorbent 

dose of AL2O3/ABGAC 20-100 mg per 1-liter 

solution, contact time (CT) 5-105 minutes, 

magnetic field strength (MFS) 300-600 

mTesla, wavelength of light is halogen lamp 

(white, green, red, yellow, blue, and sunlight), 

and initial phosphate concentration (Ci) 3.7-

10.7 mg/L. The results indicated that 

phosphate can be removed efficiently with the 

highest removal efficiency of 85.52% under the 

following operating conditions: pH= 5, CT= 105 

min, Dose= 60 mg, MFS= 600 mTesla, red 

light, and Ci = 7.6 mg/L. It has been proved that 

the Langmuir model significantly fits the 

experimental data. The obtained adsorption 

capacity range was 63.24 - 969.38 mg/g. 
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المحملة  Al2O3إزالة ايونات الفوسفات من محلول مائي باستخدام الجسيمات النانوية  
 على الكاربون المنشط المحضر من جل الصبار

 2مزهر مهدي إبراهيم الدوري   ، 1غالب جاسم كاظم الصميدعي
 . العراق  –تكريت  قسم الهندسة الكيمياوية/ كلية هندسة / جامعة تكريت/ 1
 . العراق  –تكريت قسم هندسة تكرير النفط والغاز/ كلية هندسة العمليات النفطية / جامعة تكريت/  2

 الخلاصة 
، وهو مادة طبيعية  (ABGAC)النانوية المحملة على الكاربون المنشط المحضر من صمغ نبات الصبار   3O2Al تم استخدام مادة اوكسيد الألومنيوم

جل لغرض زيادة المساحة السطحية لإزالة الفوسفات من    – تفرز من أساسها صبار باربادنسيس لتكوين مركبات نانوية باستخدام طريقة سول  
التالية: الرقم الهيدروجيني     محلول مائي مصنع.    ABGAC) /3O2(Al  (20-100، الجرعة المادة المازة  9-3تم استخدام الظروف التشغيلية 

مللي تسلا، الطول الموجي لـلضوء باستخدام مصباح الهالوجين )الأبيض   600-300 دقيقة، قوة المجال المغناطيسي 105-5 ملغم(، وقت التلام
ملغم / لتر. تم إجراء تجارب الدفعة الواحدة باستخدام   10.7-3.7  سفات  والأخضر والأحمر والأصفر والأزرق وضوء الشمس( وتركيز الفو

الجرة Hanna Phosphate High-Range Checker جهاز اختبار  للفوسفات هي   .  وجهاز  إزالة  كفاءة  أعلى  أن  إلى  النتائج  أشارت 
ملي    600ملغ، شدة المجال المغناطيسي    60دقيقة، الجرعة    105، وقت التلامس  5تحت ظروف التشغيل التالية: الرقم الهيدروجيني    85.52%

ملغم / لتر. لقد وجد أن نموذج الامتزاز لانجميور يتناسب تماما مع البيانات التجريبية، وقد بلغت   7.6    فوسفات   تسلا، الضوء الأحمر، ولتركيز
 .ملجم/جم 969.38 - 63.24سعة الامتزاز 

 . ؛ الرماد المتطاير؛ قوة المجال المغناطيسي؛ الطول الموجيAl2O3؛ جسيمات نانوية من  AL2O3/ABGACالفوسفات؛  كلمات الدالة:ال
 

1.INTRODUCTION
Phosphate plays an important role in the 
eutrophication process since it leads to 
excessive generation of organic matter due to 
the over-enrichment of nutrients in water 
bodies, resulting in a decline in water quality 
[1], elucidating the aspiration to eliminate 
phosphate from aqueous solutions [2]. 
Significant quantities of phosphates are lost to 
aquatic environments, land disposal sites, and 
facilities for treating aqueous solutions [3]. 
Several technologies are used for phosphate 
removal from aqueous solutions, including 
chemical technologies, such as coagulation and 
flocculation, mineral precipitation, and 
crystallization [4]; biological treatment using 
activated sludge or algae-based treatment [5]; 
and Physical processes, such as Reverse 
Osmosis (RO), membrane purification, ion 
exchange and adsorption [6]. The most well-
known process is thought to be adsorption. 
There is an urgent need for cost-effective and 
ecologically sustainable methods; therefore, 
developing novel adsorbents is imperative. 
Several adsorbents have been used for this 
purpose, including zirconium oxide, 
nanostructured binary oxides, and metal-
organic structures (MOFs), i.e., metal-organic 
frameworks [7]. Lin et al. [8] were the first to 
investigate the efficacy of a functionalized MOF 
in phosphate adsorption. They examined the 
impact of an amino group on phosphate 
removal from water using a zirconium-based 
MOF. The removal efficiency of UiO-66-NH2 
was higher than that of UiO-66 due to the 
presence of the amine functional group, the 
highest removal efficiency (94%) at 25 °C and 
pH = 4, while UiO-66, UiO-66-NO2 and UiO-
66-Br exhibited a maximum removal efficiency 
of (74.5%, pH=4), (89%, pH=4), and (91 %, 
pH=5), respectively. Since that date, much 
work has been done to remove phosphates from 
aqueous solutions using different MOFs. Wang 
et al. [9] removed phosphate using prepared 

nanoparticles by loading Fe3O4 onto the 
zirconia envelope prepared by a one-step co-
precipitation method with an applicating 
magnetic field. They found that the Langmuir 
model and the pseudo-second-order fitted the 
experimental data. The removal efficiency 
decreased with the increase of the pH above 5.5 
due to replacing hydroxyl groups. The 
adsorption capacity increased with the dose of 
the adsorbent. The highest removal efficiency 
was 85% at a contact time of 20 minutes. Zhang 
et al. [10] showed that the Langmuir model 
fitted the experimental data. The highest 
removal (89%) was under acidic conditions (pH 
4.0). The results of Itrogiannis et al. [11] 
indicated that the process was chemisorption 
and the pseudo-second-order kinetic model 
fitted experimental data of phosphate 
adsorption onto Zr (IV)-AS, meaning that the 
adsorption process was of chemisorption. Batch 
and column experiments were conducted by 
Xiong et al. [12] using zirconium-modified 
activated sludge (Zr (IV)-AS) to assess the 
adsorbent composites' structural and 
physiochemical properties. To test the effect of 
LED radiation on phosphate removal, 
Manikandan et al. [13] synthesized the 
adsorbent by loading titanium dioxide 
molecules on activated carbon. It was found 
that red light was more effective than other 
colors in removing phosphates, causing a 
removal efficiency of 96% at a contact time of 
75 minutes. Al2O3 nanoparticles possess 
distinctive characteristics that render them 
suitable for diverse applications, such as water 
remediation, biomedical applications, and 
catalysts [14]. Natural gums, such as peach gum 
and seed gum, have been used to remove 
pollutants, including hydrocarbon fraction and 
synthetic dyes. Mukherjee et al. [15] used guar 
gum to treat lead from aqueous solutions. 
Sahraei et al. [16] used a modified biopolymer 
gum to remove dyes and heavy metals from 
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aqueous solution. Aloe vera gum is a naturally 
occurring polysaccharide secreted from the 
"drumstick tree" (Aloe vera Barbadensis), a 
prevalent tree species distributed throughout 
tropical and subtropical regions worldwide. 
The main goal of this work is to remove 
phosphates from an aqueous solution with a 
promising and environmentally friendly 
adsorbent, i.e., Al2O3/ABGAC nanocomposites 
(Alumina Nanoparticles on Aloe vera 
Barbadensis Gum Activated Carbon (ABGAC)). 
The operating parameters studied in this study 
were pH 3-9, adsorbent dose (Al2O3/ABGAC) 
nanoparticles (20-100 mg), contact time (CT) 
(5-105 minutes), magnetic field strength (MFS) 
(300-600 mTesla), wavelength of light using 
halogen lamp (white, green, red, yellow, blue, 
and sunlight), and initial ion concentration (Ci) 
(3.7-10.7 mg/L).  
2.APPARATUS, MATERIALS, AND 
PROCEDURES 
2.1.Apparatus 
A programmable jar tester supplied by Phipps 
& Bird PB-900, made in the USA, was employed 
to conduct the present work. Hanna Phosphate 
High Range Checker® was used to measure 
phosphate concentration. It utilized a fixed-
wavelength LED and a silicon photodetector to 
achieve precision comparable to professional-
grade instruments while remaining cost-
effective compared to traditional chemical test 
kits. 
2.2.Materials  
2.2.1.Preparation of Aloe Vera 
Barbadensis Gum Activated Carbon 
(ABGAC)  
The Aloe vera Barbadensis Gum was collected 
and subjected to desiccation through exposure 
to sunlight, after which it was pulverized into a 
fine powder. The ABGAC powder was 
incorporated into a concentrated solution of 
H2SO4 (50%) in a ratio of 2:1 (v/w). The 
resulting mixture was continuously stirred until 
a uniform consistency was achieved. 
Subsequently, the material underwent a drying 
process followed by thermal activation through 
heating at 600 °C for 2 hours, isolated from air 
and without nitrogen using the muffle furnace 
from SNOL. The product was placed in a heat-
resistant metal crucible and tightly closed, as 
shown in Fig. 1. Then, successive washing with 
deionized water was performed until the 
attainment of the supernatant to eliminate 
surplus acidity. The sample was subjected to a 
2% NaHCO3 (w/v) solution to eliminate 
residual acid, followed by a thorough rinsing 
with deionized water. The specimen was 
desiccated via a hot air oven set at 105 °C for 8 
hours. The bio-sorbent was subjected to a 
sieving process to achieve a uniform particle 
size internal structure of 39-47 nm, after which 
it was carefully stored in an airtight container 
for subsequent utilization [17]. 

 
Fig. 1 Muffle Furnace from SNOL. 

2.2.2.Preparation of Al2O3/ABGAC 
Nanocomposites 
Sol-gel synthesis was used to prepare the 
Al2O3/ABGAC nanocomposites. Continuous 
stirring was used to combine 2.5 grams of 
Al2(SO4)3 with 3 grams of ABGAC at room 
temperature for 30 minutes. About 10 mL of 
NaOH (0.1 M) solution was added drop by drop, 
and the mixture was stirred constantly for 1 
hour to achieve a highly homogeneous solution. 
After the solution was homogenized, it was 
filtered and rinsed multiple times with ethanol 
and deionized water. Water and organic 
residues were removed from the obtained gel by 
drying at 110 °C for 5 hours. The sample was 
milled into a powder to eliminate lumps. 
Al2O3/ABGAC nanocomposites were produced 
by calcining the obtained powder in a muffle 
furnace at 800 °C for 2 hours, done in isolation 
from air [18]. The surface area and pore volume 
distribution of the produced catalyst were 
measured using multi-point Brunauer, 
Emmett, and Teller (BET) techniques. 
Moreover, XRD and SEM were done in the Oil 
Research and Development Center, Ministry of 
Oil, and Alkhora company nano research 
laboratories. Careful inspection of Figs. 2, 3, 
and 4 indicated that ABGAC had a flakes 
internal structure of 39-47 nm size, 
Al2O3/ABGAC had a nearly spherical internal 
structure of 43-97 nm size, while Al2O3 NPs had 
a homogeneous spherical structure of 50 nm 
size. Although Al2O3/ABGAC did not have a 
smaller particle size, it had a higher surface area 
according to BET analysis (Table 1), and it 
acquired the highest removal due to its 
composition being most attractive to phosphate 
and its higher surface area, providing more 
adsorption sites. Bun-ichi [19] stated that the 
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adsorption process depends on the nature and 
properties of adsorbent and adsorbate. 
Adsorbent properties include surface area, 
which increased with the decrease in particle 
size. Figure 5 shows that the peaks were sharp 
and high, typical of Al2O3/ABGAC indexed to 
the face of carbon comparison with shape in 
Figs. 6 and 7. The appearance of a broad, strong 
diffraction peak at 2θ values in the XRD 
spectrum showed that ABGAC had an 
amorphous and crystalline structure of 19.11°, 
25.75°, 28.06°, 29.02°, 31.91°,38.12°, 32.7°, 
41.13°, 48.48°, and 67.26°. 

 
Fig. 2 SEM Image for α-Al2O3 Nanoparticles: 
the Sample Exhibits a Very Narrow Particle 

Size Range of 50 nm. 

 
Fig. 3 SEM Image for ABGAC. 

 
Fig. 4 SEM Image for Al2O3/ABGAC 

Nanocomposites. 
Table 1 BET Analyses. 
Sample 
name 

Surface area, 
m2/g 

Method 
Detection 
limit 

Uncertainty 
value 

Calibration (Internal or 
External)  

Al2O3/ABGAC 124.255 
ISO 9277/2010 (0.1-2000) 0.182 % Auto Al2O3 NPs 51.235 

ABGAC 56.438 

 
Fig. 5 XRD Pattern of Al2O3/ABGAC. 

 
Fig. 6 XRD Pattern of ABGAC. 
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Fig. 7 XRD Pattern of Al2O3 NPs. 

2.3.Experimental Procedure 
One litter of synthetic PO4

-3 solution (3, 5, 7, 
and 10) mg was prepared using trisodium 
phosphate Na3PO4 . It is put into the cylinder 
and mixed for 10 minutes at 30 rpm. The pH 
was brought to the desired value with 0.1 M HCl 
or 0.1 M NaOH. The required dose of 
Al2O3/ABGAC nanocomposites was added, 
mixed quickly for 5 minutes at 250 rpm, then 
slowly mixed for 5 minutes at 30 rpm. Then, the 
study factors (concentration, dose, and pH) 
were changed. Then, the magnetic layers 
changed, i.e., to the bottom of the beaker from 
the outside. Also, the wavelength of light (white, 
green, red, yellow, blue, and sunlight) was 
changed using a halogen lamp. When the 
different light sources were illuminated with an 
electric current of 220 volts and a power of 20 
watts, the experiments for sunlight were 
conducted during consecutive sunny days in 
March 2023 from 9.00 AM to 05.00 PM. The 
distance of the light source from the solution 
surface in the test was 3.00 cm. Take samples at 
different periods to measure the residual PO4

-3. 
When the amount of phosphate was measured, 
it was found that there was an increase of 0.7 
mg, which may be due to a simple factory defect 

in the device or a need for calibration, so the 
considered concentrations were (3.7, 5.7, 7.7, 
and 10.7 ) mg/L, i.e., the actual measured 
concentrations. 
2.4.Experimental Sets    
Adsorption is the process of moving a substance 
from the liquid or gaseous phase to the solid 
phase. There is physical, chemical, and mixed 
adsorption. When drawing the focus with time, 
an adsorption isotherm was produced. Several 
models represent it, such as Freundlich and 
Langmuir, BET, and others, which are the most 
famous models used. This process has 
applications in the fields of chemical and 
environmental engineering. The efficiency of 
the removal is calculated by Eq. (1). 

Removal Efficiency(%) = Ci-Co/Ci × 100 (1) 
As for the adsorption capacity, it is calculated in 
two ways: The first method according to Eq. (2)  

Adsorption Capacity = (Cn-Co) V/M (2) 
According to the model used, the Langmuir 
model was used for the second method, where 
C/(x/m) was drawn against (Ce). The resulting 
straight line is the intersection with the X axis 
representing 1/ ab, and the slope represents 
1/a, i.e., a and b are the constants of Langmuir. 
To find the adsorption capacity, the incoming 
focus is projected on the X axis, goes up with a 
vertical line until the oblique line is cut, and 
then heads to the Y axis to click C/(x/m). Then, 
(x/m) is extracted, representing the adsorption 
capacity. The most important parameters 
influencing the processes are the initial 
concentration, dose of adsorbent 
Al2O3/ABGAC, contact time, pH, magnetic field 
intensity, and light wavelength. To cover the 
tested parameters, according to a full factorial 
set, 19200 experiments were required. 
Therefore, a semi-full Factorial set was 
followed. In the present work, seven 
experimental sets were followed. The purpose 
and range of the operating parameters are given 
in Table 2. 

Table 2 Operating Parameters Range for the Studied Sets. 

Set 
number 

Purpose 
Operating parameters 

CT, 
minute 

pH 
Dose, 

mg 
Ci, 

mg/l 
MFS, 

mTesla 
Wavelength 

Adsorbent 
type 

1 Test the effect of 
contact time (CT) 

5-150 9 20-100 3.7-
10.7 

---- ---- AL2O3/ABGAC 

2 Test the effect of (pH) 105 3-9 20-100 3.7-
10.7 

----- ---- AL2O3/ABGAC 

3 Test the effect of the 
initial Concentration 
  (Ci) 

105 5 
and 9 

20-100 3.7-
10.7 

---- ---- AL2O3/ABGAC 

4 Test the effect of the 
Dose 

105 5 20-100 3.7-
10.7 

---- ----- AL2O3/ABGAC 

5 Test the effect of MFS 105 5 60-100 3.7-
10.7 

300-600 ----- AL2O3/ABGAC 

6 Test the 
effect of 
wavelength 

First 
part 

0-25hr 5 80,100 5.7, 
10.7 

600 red, blue AL2O3/ABGAC 

Second 
part 

8hr 5 60-100 3.7-
10.7 

600 White, green, 
red, yellow, 

sunlight, blue 

AL2O3/ABGAC 

https://tj-es.com/
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3.RESULTS AND DISCUSSION 
3.1.Effect of Contact Time 
Figure 8 indicates that after only 30 minutes, 
approximately 33.36 % of the phosphate ions 
were adsorbed. The removal efficiency 
increased quickly with contact time up to about 
100 minutes under most operating conditions. 
Then, it tended to level out. Therefore, 105 
minutes of contact time was fixed for other 
experiments. At the beginning of the process, 
all adsorption sites were empty, and the driving 
force, i.e., the difference between the pollutant 
concentration at any time and the equilibrium 
concentration, was maximum, so the 
adsorption process was fast. As time proceeded, 
the pollutant concentration and the available 
empty adsorption sites were reduced, and the 
driving force was reduced, reducing the 
adsorption rate. Once the equilibrium was 
reached, no further adsorption occurred [20]. 
Khader et al. [21] stated that the adsorption was 
characterized by a fast stage at the beginning. 
Then, it was followed by a slow stage. At the 
start of adsorption, there were a lot of free 
available adsorption sites. However, as time 
proceeded, these sites were reduced gradually. 
Also, there was a repulsion between the 
pollutant and adsorbent. This result agrees well 
with [20-24]. The results showed that the 
maximum removal efficiency was 42.85% at 3.7 
mg/L under initial PO4

-3 concentration, 80 mg 
Al2O3/ABGAC dose, and pH =9. 

 
Fig. 8 Effect of Contact Time on Removal 

Efficiency, Ci 10.7 mg/L, and pH= 9. 
3.2.Effect of pH  
Figure 9 shows that the removal efficiency 
began with a gradual rise up to pH 5, after 
which it began to descend quickly to the lowest 
level at pH 9 due to the increasing competition 
between (OH−) Phosphate groups and the 
adsorption sites. This trend is similar to that of 
[25]. Elkhaleefa et al. [26] and Ibrahim et al. 
[27] stated that pH is one of the most important 
parameters that can directly affect the 
adsorption process because it can affect the 
extent of ionization and the surface 
characteristics of an adsorbent. Abubakr et al. 
[26] also found that the adsorption increased 

till pH =5. Moreover, the adsorption rate 
decreased sharply for further increase of pH. 
The adsorption rate below pH 5 was reduced 
due to the high concentration of hydrogen ions. 
Moreover, the adsorption sites gained a positive 
charge, increasing the repulsive effects on the 
cations. For pH lower than 5, hydrogen ions 
(H+) would stick on the adsorption sites, giving 
it a positive charge that reduced removal. For 
pH higher than 5, phosphate hydroxyl started 
to form, which is hardly adsorbed [12, 22, 28]. 
Alasadi et al. [29] mentioned that the attraction 
between the adsorbent and pollutant would 
affect the adsorption process. Cundari [14] 
stated that when the pH exceeded 5, phosphate 
(OH-) started to form, which was badly 
absorbed. Also, when PO4

-3 was stuck to the 
surface of Al2O3, the acidity function difference 
was minor. A similar trend was found by [25, 
20, 22]. Figure 9 indicates that the highest 
removal occurred under pH 5. The maximum 
removal efficiency was (68.42%) at 7.6 mg/L, 
initial concentration, dose of 60mg, and pH 5. 

 
Fig. 9 Effect of pH on Removal Efficiency, Ci 

(10.7 mg/L), and CT =105. 

3.3.Effect of Initial Concentration 
Figure 10 shows that the PO4

-3 removal 
efficiency increased with the initial 
concentration because the driving force for 
adsorption increased with concentration. The 
removal efficiency stabilized with increasing 
the inlet concentration because most available 
adsorption sites were filled [30, 31]. Ibrahim 
and Jaddo [32] found that as the inlet pollutant 
concentration increased, the adsorbent was 
saturated much faster due to increasing the 
driving force. Li et al. [33] revealed that the 
required time to get equilibrium and the 
adsorbed mass were increased with the initial 
pollutant concentration due to increasing the 
driving force with the pollutant concentration. 
They also stated that there was a quick initial 
stage of adsorption followed by a slow stage due 
to the availability of a large number of 
adsorbent sites, and a greater driving force at 
the beginning of the process yielded higher 
mass transfer [34]. When equilibrium was 
approached, the pollutant concentration was 
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reduced, and the adsorption sites were mostly 
saturated, leading to a lower adsorption rate. 
This trend well agrees with that of [24-27], [35-
38]. The best values for the removal efficiency 
were 68.22% for Ci of 10.7 mg/L and 
Al2O3/ABGAC dose of 100 mg. 

 
Fig. 10 Effect of Initial Concentrations on 

Removal Efficiency, Dose 100 mg, and pH 5. 

3.4.Effect of Dose 
Figure 11 represents the effect of the 
Al2O3/ABGAC dose on PO4

-3 removal. The PO4
-

3 removal usually improved when the adsorbent 
doses were increased because a higher dose 
provides greater adsorption sites. The 
maximum PO4

-3 removal was 68.22 % at 100 
mg dose, and Ci =10.7 mg/L. This result also 
indicated that the equilibrium conditions were 
reached after a certain dose. Elkhaleefa et al. 
[26] found that the removal efficiency increased 
with the adsorbent mass due to the increase in 
the surface area. Ragheb [39] stated that the 
removal efficiency increased with the increase 
in dose. The author attributed this increase to 
the increase in surface area. The maximum PO4

-

3 removal was 68.22 % at 100 mg dose and Ci 
=10.7 mg/L. This behavior is consistent with 
[20, 33, 34], [40-42].  

 
Fig. 11 Effect of Al2O3/ABGAC Dose on 

Removal Efficiency, 105 Minutes, and pH 5. 

3.5.Effect of Magnetic Flux  
Figure 12 shows that the PO4

-3 removal 
increased with the magnetic field strength. 
Increasing the magnetic flux up to 600 mTesla 

would make PO4
-3 more magnetic, increasing 

the attraction force. Even though phosphate is 
not magnetic, it is affected by a magnetic field. 
Where magnetic saturation happens, no further 
effect will be gained. Several studies explained 
that water properties are affected by magnetic 
treatment since this treatment affects the 
molecular and physicochemical properties of 
water [43]. Alimi et al. [44] concluded that the 
magnetic treatment would change the water's 
crystalline shape and put water in a state of 
supersaturation. This state allows the start of 
salt crystallization and agglomeration to form 
large crystals that are easy to deposit [45, 46]. 
Baker and Judd [47] showed that increasing 
magnetic flux intensity would increase 
pollutant removal due to the agglomeration of 
particles due to the change in electric dipole, 
which will affect the physical properties of 
water. Many works [48-50] proved that the 
pollutant removal efficiency increased with the 
magnetic flux. The highest phosphate removal 
efficiency was 73.68% at 600 mTesla at 60 mg 
dose, and Ci =7.6 mg/L. This trend agrees well 
with [51-54]. However, Ahmad and Dixit [55] 
found that the increasing magnetic field 
intensity from 0.7 to 7 T showed low 
improvement in phosphate removal.  

 
Fig. 12 Effect of MFS on Removal Efficiency at 

CT=105 Minute, pH =5, and Dose 100 mg. 

3.6.Effect of Light  
Pavel et al. [56] stated that removing harmful 
chemicals by photocatalysis has great interest. 
However, this method has many disadvantages, 
including low reaction rates. Thus, the present 
set was divided into two stages to investigate 
the effect of contact time on phosphate removal 
efficiency under red and blue light and six 
wavelengths on phosphate removal.  
3.6.1.Determine the New Contact Time 
Figure 13 shows the impact of time on the 
removal efficiency at red and blue lights. It is 
worth mentioning that the effect of light on 
adsorption processes did not appear during a 
short period. Therefore, longer periods were 
tested to determine the new contact time using 
a near and direct halogen light at two 
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wavelengths, blue (450-510) nm and red (650-
720) nm using PO4

-3 initial concentration of 5.7 
and 10.7 mg/L under the best working 
conditions found in earlier schemes, which are; 
pH 5, Al2O 3/ABGAC dose of 80, 100 mg, and 
magnetic field intensity of 600 mTesla. Figure 
13 indicated that approximately 70% of the 
phosphates were removed during the first 
hours. However, the rise was slow until it 
stabilized after 7 hours. Careful inspection of 
the results of many works (for example, [57-
63]) indicated that photocatalysis consists of 
many reactions, some of which are slow and 
require a long time. Moreover, these reactions 
were relatively fast at the beginning. Then, it 
was slowed down with time since the reaction 
rate depends on the pollutant concentration 
and the intensity of light [60]. 

 
Fig. 13 Effect of Contact Time on Removal 

Efficiency at MFS 600 mTesla, pH= 5, Ci =10.7 
mg/L, and Dose 100 mg. 

3.6.2.Effect of Wavelength  
Many experiments were conducted to test the 
effect of wavelength on PO4 removal. The 
investigated wavelengths were red, 650-720 
nm; yellow, 560-590 nm; Green, 510-560 nm; 
blue, 450-510; white, 390-710 nm; and 
sunlight, 400-750 nm. Figure 14 indicates that 
the removal efficiency increased with the 
contact time. It was found that 70% of the total 
removal occurred within the first hour. Then, 
the increase became slow and small until 7-8 
hours, then stabilized. The results showed that 
up to 80% of PO4 can be removed when exposed 
to different types of light due to the 
photocatalysis process that would enhance 
photocatalytic reactions between Al2O3/ABGAC 
and light. The photocatalytic activity of 
Al2O3/ABGAC under different lights depends 
mainly on the interface concentration. Those 
interfaces separated electron-hole pairs due to 
light irradiation [64].  

 
Fig. 14 Effect of Contact Time on Removal 
Efficiency, Ci=7.6 mg/L, Dose 60 mg, MFS 

600 mTesla, and pH= 5. 

The Al2O3/ABGAC has good photocatalytic 
efficiency due to its large bandgap. In addition, 
the Al3+ surface has specific sites for acidic O2 
photo adsorption. Thus, Al2O3/ABGAC can be 
induced to photoactivate O2 [65]. This 
photoactivation is based on generating the 
electron-hole pairs (e−- h+) under the effect of 
light energy greater than the bandgap [66]. This 
trend agrees well with that of [25]. Illuminating 
a sample by different light sources having 
photon energy higher than that of the band gap 
of ABGAC will photoexcite electrons and holes 
in the conduction band (CB) and valence band 
(VB) of ABGAC, respectively, since the lowest 
energy level of the CB of ABGAC was higher 
than that of the new equilibrium Fermi energy 
level (Ef) of Al2O3/ABGAC, the electrons on the 
CB transferred from ABGAC to Al2O3. This 
transfer of electrons can be made possible only 
by doping Al2O3 with ABGAC. The charge 
separation resulted from the Schottky barrier. 
Schottky barriers have to rectify characteristics 
and are suitable for use as a diode. One of the 
primary characteristics of a Schottky barrier is 
the Schottky barrier, height which depends on 
the metal and semiconductor formed at the 
metal-semiconductor interface [67]. Thus, 
Al2O3NPs acted as electron sinks, reducing the 
recombination of photo-generated electrons 
and holes and prolonging the lifetime of the 
electron-hole pairs. The photo-generated 
electrons can reduce the phosphate molecules 
or react with electron acceptors, such as O2 
adsorbed on the AL(III) surface or dissolved in 
water, thereby reducing phosphate molecules 
to the superoxide radical anion O⋅-2 [68]. The 
red color had the highest removal of 85.52% at 
Ci=7.6 mg/L, Al2O3/ABGAC dose (60 mg), 
CT=8-hour, MFS =600 mTesla, and pH 5. 
Figure 15 shows that the removal efficiency for 
the six colors was slightly different. Different 
colors affected removal efficiency differently 
due to the pyramidal shape formed by loading 
the nanomaterial on the activated carbon. 
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These materials possess enhanced strength for 
photocatalytic activity due to their high surface 
area, high porosity, unique electronic 
properties, surface function groups, and narrow 
energy bandgap values, which lead to the color 

effect according to the wavelength of each color 
[69]. Therefore, the red color was more 
effective in increasing the removal rate due to 
the relatively narrow and high wavelength. 

 
Fig. 15 Effect of Wavelength on Removal Efficiency, [Ci=7.6mg/L, Dose 60 mg, CT=8 Hours, MFS 

=600 mTesla, and pH =5. 

3.8.Adsorption Isotherm Models 
Many models were used to represent 
adsorption data. Freundlich and Langmuir 
models (Eqs. (3) and (4), respectively) are the 
most widely used models.  

Freundlich model Log X/M = Log k +1/n log C (3) 

Langmuir models C/(X/M) = 1/ab+(1/b) C (4) 

The Correlation coefficient (R2) ranges for the 
Freundlich and Langmuir models are (0.9083-

0.9937) and (0.9219-0.9981), respectively, 
meaning that the Langmuir model well fitted 
the experimental data. Thus, this model was 
used to calculate the adsorption capacity. It was 
found that the calculated adsorption capacity 
range was (63.24 - 969.38) mg/g. For the 
results of both models, constants are tabulated 
in Table 3 and shown in Fig. 16 and Fig. 17. 

Table 3 Constants of Freundlich and Langmuir Models. 
Dose of 
Al2O3/ 

ABGAC mg 

Equilibrium 
concentration 

mg/L 

Freundlich constants Langmuir constants 

n k R2 a b R2 

Initial concentration of PO4 = 3.7 mg/l, CT = 105 min, pH = 5, MFS =600 mT and Red light 
20 0.957 -0.57431 224.698 0.9083 -0.67608 17.4216 0.9313 
40 0.955 -0.64913 106.267 0.9201 -0.73092 10.7642 0.9344 
60 0.926 -0.68481 61.9298 0.9169 -0.75074 6.64011 0.9323 
80 0.936 -0.84363 39.4729 0.9303 -0.82156 6.56167 0.9312 
100 0.945 -0.59428 43.2613 0.911 -0.70847 3.65764 0.9219 

Initial concentration of PO4 = 5.6 mg/l, CT = 105 min, pH = 5, MFS =600 mT and Red light 
20 0.957 -2.42071 241.3237 0.9937 -2.12121 142.8574 0.9981 
40 0.955 -2.49438 119.6189 0.9853 -2.20634 71.94244 0.9963 
60 0.926 -2.49003 79.67091 0.9895 -0.45454 47.84688 0.9963 
80 0.936 -2.60078 59.23794 0.98 -0.45441 41.66666 0.9748 
100 0.945 -2.71444 47.08688 0.9862 -0.40540 30.03003 0.9959 

. 
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Fig. 16 Adsorption Data According to 

Langmuir Model, Ci=5.6mg/L, dose 80mg, 
and pH =5. 

 
Fig. 17 Adsorption Data According to 

Freundlich Model, Ci=5.6mg/L, Dose 80mg, 
and pH =5. 

3.8.1.Effect of Al2O3/ABGAC Dose on 
Adsorption Capacity 
Figure 18 represents the effect of 
AL2O3/ABGAC dose on the adsorption capacity 
at pH of 5, at initial phosphate concentration Ci 
of 3.7-10.7 mg/l, contact time of 105 minutes, 
magnetic field strength 600 mTesla. Figure 18 
indicates that increasing the adsorbent dose 
increased the adsorption capacity. The 
maximum adsorption capacity was 969.387 
(mg/g) at the initial phosphate concentration of 
7.6 mg/L. According to the Langmuir model, 
the term X/M reduced as the dose increased. 
So, the term C/(X/M) increases with the dose, 
increasing the adsorption capacity. These 
results agree with that [8, 70, 80].  
3.8.2.Effect of Initial PO4

-3 
Concentration on Adsorption Capacity 
Figure 19 shows the effect of initial 
concentration on adsorption capacity at a pH of 
5 for a dose of 20-100 mg/L under a contact 
time of 105 min. It is noticed that the 
adsorption capacity increased with the decrease 
in initial phosphate concentration. The 

maximum adsorption capacity was 960.344 
(mg/g) at a dose of 60 mg. The driving force of 
adsorption is the difference between the initial 
and equilibrium concentrations. The driving 
force increased with the initial concentration, 
increasing the adsorbed mass(X). Thus, X/M 
for constant dose increased. Therefore, 
C/(X/M) decreased, i.e., adsorption capacity 
decreased. Several researchers, i.e., Tee et al. 
[71], Di et al. [72], Farouq [73], and Sen [74]), 
stated that the adsorbed amount increased with 
the initial concentration due to the increase in 
the driving force. Albadarin et al. [75] and Di et 
al. [72] found that higher initial concentrations 
resulted in a higher chance of collisions with 
adsorption sites. In addition, increasing the 
driving force reduced the mass transfer 
resistance. These results agree well with that of 
[76]. 

 
Fig. 18 Effect of AL2O3/ABGAC Dose on 

Adsorption Capacity at MFS 600mT, CT =105 
Minute, and Red Light. 

 
Fig. 19 Effect of Initial Concentration on 

Adsorption Capacity, MFS=600mT, CT=105 
Minutes, pH=5, and Red Light. 

3.8.3.Effect of pH on Adsorption 
Capacity 
Figure 20 indicates that the adsorption capacity 
increased with pH until pH=5. Then, the 
adsorption capacity decreased for further 
increase in pH. The highest adsorption capacity 
occurred at pH =5 and a dose of 60 mg was 
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969.38 mg/g. This behavior happens due to two 
opposite forces. The first is the driving force 
that increases the adsorbed amount X. 
Increasing X increases the term (X/M) and thus 
reduces C/(X/M), i.e., reducing adsorption 
capacity. The second force results from the 
change of the surface and ionic structure of the 
adsorbent, making it more attractive to 
phosphate near pH =5 and rendering the 
adsorbent less attractive to phosphate far from 
pH =5. This behavior will act as if the 
adsorption sites increased near pH =5 and 
decreased when pH was away from 5 in both 
directions. This behavior acts as if M increases, 
reducing X/M that increases C/(X/M). It seems 
that the resultant of these two opposite forces 
increases adsorption capacity since the second 
force is greater than the first force. When pH 
was higher than 5, the first force exceeded the 
second. Cozmuta [77] found that when pH 
decreased from 4 to 1, the adsorption capacity 
reduced due to the competition between 
hydrogen ions and the ions under investigation 
at low pH of Argun [78]. Adeolu et al. [79] 
proved that the adsorption capacity increased 
with pH then decreased. They concluded that 
increasing pH decreased H+, reducing 
competition forces between pollutants and 
adsorption sites. Moreover, increasing pH 
encouraged the formation of soluble hydroxyl 
complexes that decreased the adsorption. Low 
et al. [80] found that adsorption depended on 
pH and concentration, with pH 4·5 being the 
optimum value. Das et al. [76] showed that a pH 
of 5 yielded the best adsorption result. These 
results agree well with that of [81]. 

 
Fig. 20 Effect of pH on Adsorption Capacity, 

MFS 600mT, CT=105 Minutes, Ci =10.7 mg/L, 
and Red Light. 

3.8.4.Effect of Wavelength Light on 
Adsorption Capacity 
Al2O3/ABGAC, recognized for their 
photocatalytic activity, are materials that can be 
used differently. In this experiment, the 
photocatalytic activity of the Al2O3/ABGAC was 
tested to see how well it removed phosphate at 
the best experimental settings pH=5, dose 60–
80 mg, and concentration of 3.7 and 7.6 mg/L 

(Fig. 21). This Figure shows that the maximum 
adsorption capacity was 969.3877(mg/g) at the 
dose of 60 mg, PO4

-3, concentration 7.6 mg/L, 
magnetic field strength 600 mTesla, pH =5, and 
red light. Photoactivation plays an important 
role in increasing the adsorption sites' 
readiness to adsorb pollutants, acting as if M 
increases so that X/M will be reduced [69]. 
Consequently, C/(X/M) increased. Therefore, 
the adsorption capacity increased. In the 
present work, it seems that the red light 
resulted in the highest activation level, while 
green, white, and blue light resulted in the 
lowest activation. These results agree well with 
that of [82]. 

 
Fig. 21 Effect of Contact Time on Adsorption 
Capacity, MFS =600 mTesla, pH =5, Dose of 

80 mg, and Ci= 7.6 mg/L. 

3.9.The Kinetics of Adsorption 
Examining adsorption kinetics plays a crucial 
role in determining the adsorption rate. 
Numerous models have been developed to 
address this, encompassing the pseudo-first-
order, pseudo-second-order, intraparticle 
diffusion, mixed-order (M-O), and Elovich 
models. According to the pseudo-first-order 
model, the extent of adsorption is directly 
proportional to the quantity of active 
adsorption sites on the adsorbent material. On 
the other hand, the pseudo-second-order model 
delineates the rate-determining step of the 
adsorption process and specifies the nature of 
the bonds formed between the adsorbate and 
the adsorbent through chemisorption [83]. The 
equation that results in the pseudo-first-order 
kinetic model is as follows: 

Log (qe - qt) = Log qe - K1t (5) 
It is possible to write the pseudo-second-order 
kinetic model as follows: 

𝐭

𝐪𝐭
=

𝟏

𝐊𝟐𝐪𝐞
𝟐 +

𝐭

𝐪𝐞
  (6) 

where K1(min -1) and K2 (g.mg-1.min -1) are the 
rate constants of the pseudo-first-order and 
pseudo-second-order kinetic model equations, 
qe is the total of adsorbed material at 
equilibrium (mg. g -1), qt is the total of adsorbed 
at time t (mg. g -1) [84], and t is irradiation time 
(hour). 
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Table 4 Fitting Parameters of Phosphate Adsorption onto Zr(IV)-AS Using Pseudo-First-Order and 
Pseudo-Second-Order Kinetic Models [85]. 

C0 qe pseudo-first order equation pseudo-second-order equation 
(mg.L-1) (mg.g-1) K1 (min-1) qe(mg.g-1) R2 K2(mg.g-1.min-1) qe(mg.g-1) R2 
3.6 104.333 3.10×10-3 103.331 0.9821 3.95×10-4 114.64 0.9994 
5.6 86.35 2.47×10-3 69.566 0.9245 2.30×10-4 79.68 0.9993 
7.6 112.6 1.25×10-3 97.568 0.9877 1.56×10-4 103.25 0.9969 
10.6 75 1.36×10-3 47.586 0.9869 2.68×10-4 61.235 0.9978 

 
Fig. 22 The Pseudo-First-Order Plot, Red Light, AL2O3/ABGAC Active Dose, MFS 600 mTesla, CT= 

8 Hours, and pH =5. 

 
Fig. 23 The Pseudo-Second-Order Plot, Red Light, AL2O3/ABGAC Active Dose, MFS =600 mTesla, 

CT= 8 Hour, and pH=5. 
 
From Table 4 and Figs. 22 and 23, it is clear that 
the correlation coefficient (R2) for the pseudo-
second-order model was higher than that of the 
pseudo-first-order kinetic model, meaning that 
the pseudo-second-order model fitted the 
experimental data. 

4.CONCLUSIONS 
This study showed that Al2O3/ABGAC was 
highly efficient in removing phosphate from 
synthetic aqueous solutions. It yielded a 
removal efficiency of 85.52%. It was also found 
that pH had the most significant effect, with the 
maximum removal efficiency at 7.6 mg/L initial 
concentration, dose of 60mg, and pH 5. 

However, the magnetic field and light slightly 
affected phosphate removal. The highest 
phosphate removal efficiency, i.e., Ci =7.6 
mg/L, at 600 mTesla and red light at 60 mg 
dose. It was found that the adsorption capacity 
increased with the decrease of initial 
concentration and is directly proportional to 
the dose of Al2O3/ABGAC. Langmuir model 
significantly fitted with the adsorption data. 
The adsorption capacity range was 63.24 - 
969.38 mg/g. 
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NOMENCLATURE 
ABGAC Aloe vera Barbadensis Gum Activated 

Carbon 
a, b Constants of Langmuir. 
ATP Adenosine triphosphate 
Co Outlet concentration (mg/L) 
CB Conduction band 
Ce  Equilibrium concentration (mg/L) 
Ci  Initial concentration (mg/L) 
CT Contact time (hour, minute) 
e- Electron energy 
Ef Fermi level 
h- Hole pairs  
K  Freundlich's constant 
M mass of the adsorbent (mg/L) 
MOFs Metal-organic frameworks 
MONPs Metal oxide nanoparticles 
NPs  Nanoparticles 
pH Indicates how acidic or basic a substance is, 

and the scale ranges from 0 to 14 
ppm parts per million 
R%  Removal efficiency 
R2  Correlation coefficient 
RO Reverse osmosis 
t Time (hour, minute) 
TSP Trisodium phosphate with the chemical 

formula Na3PO4 
UiO-66 A metal organic framework made up of 

[Zr6O4(OH)4] clusters with 1,4-
benzodicarboxylic acid struts 

V Solution volume (L) 
VB Valence band 
X Amount of adsorbent (mg/L) 
XRD X-ray diffractometers 

Greek Letters 
γ, δ, θ, 
η, κ, α, 
β 

Metastable phases of Al2O3 depending on 
the temperature 
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